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Dear Sir: 

AFFIDAVIT UNDFJR RULE 1.132 

I, F. Geoffrey Herring, of 7922 Cartier Street, Vancouver, British 
Columbia, Canada, V6P 4T4, MAKE OATH AND SAY AS FOLLOWS: 

1 I have personal knowledge of the matters sworn to herein, except where the matters 
are stated to be based on information and belief, in which case I believe them to be 
true. 

2. I received a Bachelor of Science from the University of London in 1961 . 1 also 
received a Ph.D. in Chemistry from the University of London in 1964. 

3 I have worked as a Professor in the Department of Chemistry at che University of 
British Columbia, in Vancouver, British Columbia, Canada, since 1967. I have 
consulted for many companies, including pharmaceutical companies, in the area of 
biochemistry and physics since 1994. 

4. I have read United States patent application serial number 09/910,887 (the 
"Application") and I am familiar with the art to which it pertains. 
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5. 



I have read and reviewed the Office Action for the Application, issued on 9 
September 2002 by the United States Patent and Trademark Office. 



6 I have also read and reviewed Japanese Patent Abstract No. 08291 194A2 (the 
"Japanese Abstract") and PCT Application No. PCT/KR96/00123 (the «PCT 
Application"), which were cited in the Office Action against the Application. 
Copies of the Japanese Abstract and the PCT Application are attached as Exhibits 
"A" and *'B W to this affidavit, respectively. 

7 . The Japanese Abstract discloses two compounds, dammara-20(22),24-diene-3p, 12p- 
diol ("Jl") and dammara-20(22),24-diene-3p,6a,12p-triol ("J2 '). 

8 I have compared Jl to the compound dammara-20(2l)-diene-3,12-diol ("PAM-120") 
disclosed in the Application. I find that Jl differs from PAM-120 in the position of 
the double bond located at position 20. In Jl. the double bond is located between 
positions 20 and 22, and in PAM-120, the double bond is located between positions 
20 and 21. In my opinion, the difference between the positions of the double bonds 
is extremely significant from a chemical activity point of view. A doable bond is a 
planar bond and does not rotate. A double bond between positions 20 and 22 
prevents the side chain at position 22 from rotating in Jl. However, in PAM-120, 
the double bond is located between positions 20 and 21, and there is only a single 
bond between positions 20 and 22. Therefore, the side chain at position 22 is able 
to rotate in PAM-120. PAM-120 and Jl are not inter-convertible conformations. 
The difference in the position of the double bond can affect the stereochemistry of 
reactions between the side chain of PAM-120 and an anti-cancer drug, or a 
biological molecule, or a biological structure, or all of these. The enhanced 
conformational flexibility of PAM-120 provides for a wider range of chemical and 
physico-chemical interactions. Therefore, the chemical and biological activity of 
PAM-120 cannot be predicted based upon the chemical and biological activity of Jl. 

9. I have compared J2 to the compound dammara-20(22E)-diene-3, 12,24-triol ( W PBM- 
100") disclosed in the Application. I find that J2 differs from PBM-100 in both the 
composition and position of the side chain extending from carbon 22. More 
significantly, PBM-100 has an additional hydroxyl group at position 24 and lacks a 
double bond between positions 24 and 25. In my opinion, the addition of the 
hydroxyl group at position 24 is extremely significant from a chemical activity point 
of view because hydroxyl groups are known to be reactive groups and in general 
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have different chemical activities than aliphatic chains. The presence of the 
hydroxyl group on the side chain provides for further polar interactions with target 
molecul s, which in turn could lead to different biological activities with PBM-100 
as compared to J2. In addition, the difference in the position of the side chain at 
position 22 can affect the stereochemistry of the reaction between PBM-100 and an 
anti-cancer drug, or a biological molecule, or a biological structure, or all of these. 
Therefore, the chemical and biological activity of PBM-100 cannot be predicted 
based upon the chemical and biological activity of J2. 

10. I have compared J2 to the compound dammara-20(22E)-diene-3,6, 12-triol ("PBM- 
110") disclosed in the Application. I find that J2 differs from PBM-1 10 in the 
orientation of the side chain at carbon 22. In my opinion, this difference is 
extremely significant from a chemical activity point of view because, with respect to 
the side chain, PBM-1 10 and J2 are geometrical isomers. PBM-1 10 is thejrans (E) 
isomer and 52 is the cis (Z) isomer. The disruptive effect of the position of a side 
chain is unpredictable, especially in molecules with large molecular skeletons. Cis 
and trans isomers may have very different activities. The orientation of the side 
chain can affect the stereochemistry of the reaction between PBM-1 10 and an anti- 
cancer drug, or a biological molecule, or a biological structure, or all of these. 
Therefore, the chemical and biological activity of PBM-1 10 cannot be predicted 
based upon the chemical and biological activity of J2. 

11. I have compared Jl to compounds PBM-100 and PBM1110, and I find that J 1 is 
different because PBM-100 and PBM-1 10 have additional hydroxyl groups at 
position 6. In my opinion, this difference is extremely significant from a chemical 
activity point of view because hydroxyl groups are known to be reactive groups 
and therefore can affect the reaction between PBM-100 and PBM-1 10 and an anti- 
cancer drug, or a biological molecule, or a biological structure, or all of these. 
Therefore, the chemical and biological activity of PBM-100 and PBM-1 10 cannot 
be predicted based upon the chemical and biological activity of Jl . 

12. I have compared J2 to compound PAM-120, and I find that J2 is different because 
J2 has an additional hydroxyl group at position 6. In my opinion, this difference is 
extremely significant from a chemical activity point of view because hydroxyl 
groups are known to be reactive groups. Because PAM-120 does not have a 
hydroxyl group at position 6, this may affect the reaction between PAM-120 and ar 
anti-cancer drug, or a biological molecule, or a biological structure, or all of these. 

-3 - 



12/09/02 MON 19:28 [TX/RX NO 8334] ©017 



12/09/02 MON 15:29 FAX 604 681 4081 



OYEN WIGGS GREEN MUTALA 



@018 



Therefore, the chemical and biological activity of PAM-120 cannot be predicted 
based upon the chemical and biological activity of J2. 

13. I have compared Jl and J2 to the compounds 3-O-p-D-glucopyranosyl-dammara- 
20(21)-diene-3,12-diol ("PAN-20") and 3-0-[ -D-glucopyranosyl(l 2)- 
-D-glucopyranosyl]-dammara-20(22E)-diene-3,12-diol ("PAN-30"), disclosed in the 
Application. I find that Jl and J2 are significantly different from PAN-20 and 
PAN-30 because PAN-20 and PAN-30 have sugar moieties at position 3. In my 
opinion, this difference is extremely significant from a chemical activity point of 
view because the sugar moieties make PAN-20 and PAN-30 larger in size as 
compared to Jl and J2. As such, PAN-20 and PAN-30 may physically interact 
differently with other molecules. The sugar moieties are themselves reactive and 
therefore, their presence will affect the biological and chemical activities of PAN- 
20 and PAN-30. The presence of the sugar moieties provides for additional 
chemical and physico-chemical interactions which can lead to different biological 
and chemical activities. Therefore, it would not be possible to predict the activity 
of PAN-20 and PAN-30 based on the activity of Jl and J2. 

14. The PCT Application discloses four compounds, two of which were identified in the 
Office Action as being significant. The first compound is 3p s 12p-dihydroxy-damar- 
20(22),24-diene-3-O-p-D-6 ,, -O-acetyl-glucopyranosyl-(l-2)-p-D-glucopyranoside 
("PI"), which is derived by acetylating the second compound, A20(22)-ginsenoside 
Rtf CP2"). 

15. I have compared compounds PI and P2 with compounds PAM-120, PBM-100, and 
PBM-110. I find that PI and P2 are significantly different from PAM-120, PBM- 
100, and PBM-110 because PI and P2 have sugar moieties at position 3. In my 
opinion, this difference is extremely significant from a chemical activity point of 
view because the sugar moieties make PI and P2 larger in size compared to PAM- 
120, PBM-100, and PBM-110, and as such PI and P2 may physically interact 
differently with other molecules. The sugar moieties are themselves reactive and 
therefore, their presence will affect the biological and chemical activities of PI and 
P2. The presence of the sugar moieties provides for additional chemical and 
physico-chemical interactions which can lead to different biological and chemical 
activities. Therefore, it would not be possible to predict the activity of PAM-120, 
PBM-100, and PBM-110 based on the activity of PI and P2. 
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16. I have also compared compound PI with PAN-20, and I find that PI differs from 
PAN-20 because PAN-20 only contains one glucosyl group in its sugar moiety at 
position 3, whereas PI contains two glucosyl groups and an acetyl group. In 
addition, PAN-20 contains a double bond between positions 20 and 21, whereas PI 
contains a double bond between positions 20 and 22. In my opinion, these 
differences between PAN-20 and PI are extremely significant from a chemical 
activity point of view because the sugar moiety is a different length and PI also 
contains an acetyl group, which is known to have different chemical properties than 
a glucosyl group. Also, the position of the double bond is significant. As stated 
above, a double bond is a planar bond and does not rotate. A double bond between 
positions 20 and 22 prevents the side chain at position 22 from rotating in PI . In 
PAN-20, the double bond is located between positions 20 and 21 , and there is only 
a single bond between positions 20 and 22. Therefore, in PAN-20, the side chain at 
position 22 is able to rotate. The difference in the position of the double bond can 
affect the stereochemistry of reactions between the side chain of PAN-20 and an 
anti-cancer drug, or a biological molecule, or a biological structure, or all of these. 
The enhanced conformational flexibility of PAN-20 provides for a wider range of 
chemical and physico-chemical interactions. Therefore, the chemical and biological 
activity of PAN-20 cannot be predicted based upon the chemical and biological 
activity of PI. 

17 . I have compared compound Pi with PAN-30, and I find that PI differs from PAN- 
30 because PAN-30 contains an acetyl group on its sugar moiety, and the 
orientation of the side chain at position 22 is different. In my opinion, these 
differences are extremely significant from a chemical activity point of view because 
acetyl groups are known to have different chemical activities than glucosyl groups. 
As well, with respect to the side chain, the two compounds are isomers. PAN-30 is 
the trans (E) isomer and PI is the cis (Z) isomer. The disruptive effect of the 
position of a side chain is unpredictable, especially in molecules with large 
molecular skeletons. Cis and trans isomers may have very different activities. The 
orientation of the side chain at position 22 can change the stereochemistry of the 
reaction between PAN-30 and an anti-cancer drug, or a biological molecule, or a 
biological structure, or all of these. Therefore, the chemical and biological activity 
of PAN-30 cannot be predicted based upon the chemical and biological activity of 
PI. 
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18. I have compared compound P2 with PAN-20, and I find that PAN-20 is different 
because it only has one glucosyl group in its sugar moiety at position 3 and the 
position of the double bond at position 20 is between positions 20 and 21, rather 
than positions 20 and 22 as in P2. In my opinion, these differences are extremely 
significant from a chemical activity point of view because the sugar moiety is a 
different length, which makes PAN-20 a smaller molecule than P2 and it may 
therefore react differently both chemically and physically. As well, the 
stereochemistry at position 20 is affected by ihe position of the double bond. As 
stated above, a double bond is a planar bond and does not rotate. A double bond 
between positions 20 and 22 would prevent the side chain at position 22 from 
rotating in P2. However, in PAN-20, the doable bond is located between positions 
20 and 21, and there is only a single bond between positions 20 and 22. Therefore, 
the side chain at position 22 is able to rotate in PAN-20. The difference in the 
position of the double bond can affect the stereochemistry of reactions between the 
side chain of PAN-20 and an anti-cancer drug, or a biological molecule, or a 
biological structure, or all of these. The enhanced conformational flexibility of 
PAN-20 provides for a wider range of chemical and physico-chemical interactions. 
Therefore, the chemical and biological activity of PAN-20 cannot be predicted 
based upon the chemical and biological activity of P2. 

19. I have compared compound P2 with PAN-30, and I find that P2 differs from PAN- 
30 in the orientation of the side chain at position 22. In my opinion, this difference 
is extremely significant from a chemical activity point of view because, with respect 
to the side chain, PAN-30 and P2 are isomers. PAN-30 is the trans (E) isomer and 
P2 is the cis (Z) isomer. The disruptive effect of the position of side chains is 
unpredictable, especially in molecules with large molecular skeletons. Cis and trans 
isomers may have very different activities. The orientation of the side chain can 
affect the stereochemistry of the reaction between PAN-30 and an anti-cancer drug, 
or a biological molecule, or a biological structure, or all of these. Therefore, the 
chemical and biological activity of PAN-30 cannot be predicted based upon the 
chemical and biological activity of P2. 
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20. In addition, a publication entitled "Metabolism of 20(S)- and 20(R)-Ginsenoside 
by Human Intestinal Bacteria and Its Relation to in vitro Biological Activities" by 
Bae et al., Biol. Pharm. BulL 25(1) 58-63 (2002), a copy of which is attached 
hereto as Exhibit T", indicates that when 20(S)-ginsenoside R g3 is incubated with 
human intestinal microflora, the ginsenoside is hydrolyzed to 20(S)-ginsenoside R^ 
and 20(S)-protopanaxadiol. However, when 20(R)-ginsenoside R^ is incubated with 
human intestinal microflora, this ginsenoside is only weakly hydrolyzed. The 
transformation rate of 20(S)-ginsenoside R tti was 0.57±0.20 nmol/h/mg wet of feces, 
compared to a rate of 0.03 ±0.20 nmol/h/mg wet of feces for 20(R)-ginsenoside R t3 . 
Also, it was reported in the publication that 20(S)-ginsenoside R^ and its 
metabolites have significant in vitro cytotoxic affects on tumor cell lines while 
20(R)-ginsenoside R^ and its metabolites have little or no cytotoxic effects. 20(R)- 
ginsenoside R g3 and 20(S)-ginsenoside R^ are positional isomers and differ only in 
their stereochemistry at position 20. The data from this publication indicates that 
there can be significant differences in biological and chemical activity between 
positional isomers of ginseng compounds. 

SWORN before me at the ) 



Barrister A Solicitor 
a 1620 West Broadway 
Vancouver. B.C. Canada 
_ vaj 1Y5 
Ph: (60c) 73M913 




A Notary Public in and for the ) 
Province of British Columbia, ) 
Canada. My Commission is for life.) 



KESHO RAM OITTA 




-7- 



O:\Wf\GBNGRAL\BOCHKAPYOVA\GSL\Pd4400Ol affidavit. fan 



12/09/02 MON 19:28 [TX/RX NO 8334] © 021 



12/09/02 MON 14:58 FAX 604 681 4081 OYEN WIGGS GREEN MUTALA ©022 




THIS IS EXHIBIT " A " REFERRED TO IN THE 
AFFIDAVIT OF F. GEOFFREY HERRING 
MADE BEFORE ME THIS 
< day of 3^xi»-»■v»<^r , 2002 

A Commissioner for taking Affidavits 
or a Notary Public 



12/09/02 MON 18:55 [TX/RX NO 8333] © 022 



12/09/02 MON 14:58 FAX 604 681 4081 



OYEN WIGGS GREEN MUTALA 



@]023 




1 ill. 

2 T3 3 3 

a 2 s © 

CD EU 5^ 

n « 8 5 

»«= a. 



_ « S C "G5 



^1 



CI * 

^ 3 £. 

njy S 

ill 

C » VI 

g 2 SI 
| ft "g 

* s i- 

= q ^ 

ft si* 

to 



ft 




Ol 

9 

=3 

3 
C 

3 



in 



Q 

§ 

jo 

8 

UJ 

»-» 




O 
QD 



J* 



s 



ft 

o" 




fD 



I 

12/09/02 MON 18:55 [TX/RX NO 8333] g|023 



MON 14:58 FAX 604 681 4081 



OVEN WIGGS GREEN MUTALA 




12/09/02 MON 18:55 ITX/RX NO 8333] @]024 



12/09/02 MON 14:58 FAX 604 681^4081 0YEN WIGGS GREEN MUTALA @025 



^4^081 OYEN WIGGS GREEN MUTALA 



THIS IS EXHIBIT " B " REPERRED TO IN THE 
AFFIDAVIT OF F. GEOFFREY HERRING 
MADE BEFORE ME THIS 
"3. " day o ffe^£^4p^ , 2002 

A Commissioner for taking Affidavits 
or a Notary Public 



12/09/02 MON 18:55 [TX/RX NO 8333] @025 



12/09/02 HON 14:59 FAX 604 681-4081 



W 



OYEN WIGGS GREEN MITT- 



E] 026 



WORLD tNTCLLECTUAL PROPERTY ORGANIZATION 
InBtnanonal Bureau 




PCT 

INTERNATIONAL APPUCATION PUBLISHED UNDER TOE PATENT COOPERATION TREATY (PCD 



(51) Knterratiottal Potent Clawdflnitfcm 6 : 
C07J 17/00, 75/00, A61K 31/705 



Al 



(11) International Publication Number: WO 97/31933 

(43) International Publication Date: 4 September 1997 (04,09.97) 



(21) International Application Number: PCT/KR96700123 

(22) International Filing Date: 29 July 1996 (29.07.96) 



(30) Priority Date: 
19967*879 



27 February 1996 (77.C2.96) KR 



(71) Applicant (/or oli designated States except US)t CHEIL JE 
DANG CO. [KR/KR); 500, Nsmdacniunn) 5-ga, Chung-ku. 
Seoul iOM&S (KR) 

(71) C72) Applfcant and Inventor: PARK, Man. Ki (KR/KR]; 

CcacW Village #910-1502. 66, Kunu~do&g. BundangJtu, 
Snngnanvsbi, Kyungki-do 463-SOO (KR). 

(72) Inventors; and 

(75) Inventorz/AppBcants (far US only): LEE, Seung, Ki [KR/KR]; 
Hansbin Hankang. Apartment #5-803. 3a- 13. Bancxxiong, 
SeochoJcu, Seoul 137-040 (KR). PARK. Jeong. Hilt 
[KR/KR]; Hansol village. Apartment #301-208, Dwonbon- 
dong. Kangrom-ku. Seoul 135-230 (KR). KIM. Jong. Moon 
[KR/KR]; Chukong 2nd. Apartment #229-313, Ch&mshU 
2*dang, Songps-ku, Seoul 138-222 (KR). LEE, K*a*g T 
Youl [KR/KR]: 105-1, Jayang^dong, Dong-ku, Daejecm 
300-100 (KR). HAN. Sang, Beom [KR/KR]; 1577-24. 
Pongchun 4-dcng. Kwanak-ku, Seoul 151 -054 OCR). 



(74) Agents; CHOI, Kyu, Pa) et aL; 824-20. 
Kangnom-ku, Seoul (KR). 



Yeoksam^ong. 



(81) Desolated States: AL, AM. AT. AU, AZ, BB. BG. DR. BY. 
CA. CH. CN, CZ, DE, DK, EE, ES, PI, GB, GE» HU, IS. 
fl\ KE. KG, KP, KR, KZ. LK. LR, LS, LT, LTJ. LV, MD. 
MG, MK. MN. MW. MX. NO, NZ, PL. FT, RO. RU. SD, 
SE, SG, SI, 5K. TJ. TM. TR, TT, Ua, UG, US, UZ, VN F 
ARIPO patent (KE, LS, MW, SD. SZ. UG) r Eurasian patent 
(AM, AZ, BY. KG. KZ. MD, RU. TJ. TM) k European patent 
(AT. BE, CH, DE. DK. ES. PL FR f GB, GR. IE. IT. LU, 
MC. NL. PT. SEK OAP1 patent (BP, BJ, CF. CO, a, CM, 
GA, GN, ML, MR, NE. SN. TD, TG). 



Published 

With international search report. 



(54) Title: 



NOVEL GINSENG SAPONIN COMPOUNDS, PROCESS FOR PREPARATION THEREOF AND ANTI-TUMOR AGENT 
COMPRISING THE SAME AS AN ACTIVE COMPONENT 



(57) Abstract 



Thr present 
rclaoq a> novel ginseng saponin 
cmuf j umfk having a potent 
&nq' -cumor activity, which ore 
represented by formulae (I) and 
(II). The compounds (I) and 
(II) above are novel and can be 
produced by beating plants of 
ginseng genus for 05 to 20 hours 
at a high temperature of 110 b> 
180 *C. or can be rynthesiied 
by acetyladng grnsenaslde Rgj 
and A^^^gjnsenoside Rgs 
which are known ginseng saponin 
compounds, respectively. The 
prcacm invention also relaxes cd an 
anti-rumor composition comprising 
these compounds (I) and/or (TJ) as 
an acu've ingredient. 
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WO 97/31933 PCT/KR96/00123 

1 

NOVEL GINSENG SAPONIN COMPOUNDS, PROCESS FOR PREPARATION 
THEREOF AND ANTI -TUMOR AGENT COMPRISING THE SAME AS AN 
ACTIVE COMPONENT 

5 

TECHNICAL FIELD 



The present invention relates to novel ginseng saponin 
10 compounds having an anti-tumor activity. More specifical- 
ly, the present invention relates to novel ginseng saponin 
compounds having a potent anti-tumor activity, which are 
represented by the^ following formulas (I) and (II). 





30 



The present invention also relates to a process for 
preparation thereof, and an ant i -tumor composition com- 
prising the same as an. active component. 

35 
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BACKGROUND ART 



The pysiological and biochemical researches in the 
5 effect: of ginseng, particularly red ginseng, have been 
generally conducted on the subject of saponin components 
which are contained in large quantities in ginseng and 
has been known as the main component exhibiting the phar- 
macological effect of ginseng. However, the minor sapo- 
10 nin components contained in red ginseng merely in minute 
quantities have been studied by very few groups heretofore 
because they can be hardly separated from ginseng. 



15 DISCLOSURE OF INVENTION 



Thus, the present inventors have concentratedly stud- 
ied to find a method for enhancing the pharmacological 

20 effect of ginseng by treating ginseng under specific 
conditions to increase the contents of specific components 
and further for separating the respective components so 
that the study of their pharmacological effect can be 
made. As a result of such studies , we have identified 

25 that when a ginseng is heat-treated for 0.5 to 20 hours at 
a high temperature of 110 to 180°C, the contents of effec- 
tive components which are present in a minor amount in 
ginseng increase, and consequently a processed ginseng 
having an enhanced pharmacological effect compared with 

30 fresh ginseng, white ginseng or red ginseng is prepared. 
In the procedure to determine the pharmacological effect 
of the various components separated from the processed 
ginseng, the present inventors have found novel components 
which have never been disclosed heretofore, and subse- 

35 quently identified the chemical structure, pharmacological 
effect and process for preparation thereof. Thus, we 
have completed the present invention. 
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Therefore, the present invention relates co saponin 
compounds identified as novel active components contained 
in ginseng. 

The first object of the present invention is co pro- 
vide the novel saponin compounds represented by the fol- 
lowing formulas (I) and (II). The configuration at 
A ' of (II) is zusammen or encgegen. 



10 



15 



Ac— Glc-GIc— O 




(I) 



20 




(II) 



It is a furcher object of the present invention to 
provide the process for preparing the novel ginseng sapo- 
nin compounds having the formulas (I) and (II) above. 

Further, it is still another object of the present 
invention to provide an ant i- tumor composition comprising 
the compound (I) and/or (II) as an active component. 
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BEST MODE FOR CARRYING OUT THE INVENTION 



The compounds of formulas (I) and (II) according to 
5 the present invention can be prepared by an extraction 
from the processed product of plant of Panax genus or by a 
synthetic method using known ginsenoside components a& a 
starting material. 

10 First, according to the extraction method, roots or 

leaves of the plant of Panax genus, for example, Panax 
ginseng, Panax nocogin&eng , Panax guinguefolium, Panax 
japonicus, etc., or tissue cultures thereof , or extracts 
therefrom with water or lower alcohol are heated for 0.5 

15 to 20 hours at a temperature of 110 to 180°C. The proc- 
essed ginseng thus obtained is extracted with water, or a 
suitable organic solvent, for example, lower alcohols such 
as methanol, ethanol, etc., or a solvent mixture thereof, 
and then the extract is concentrated under reduced pxes- 

20 sure, suspended in water and then extracted with a nonpo- 
lar organic solvent such as hexane, ether, dichlorometh- 
ane, chloroform, ethylacetate or a solvent mixture there- 
of- The remaining aqueous layer is extracted with a 
polar organic solvent such as butanol and then the extract 

25 is subjected to chromatography to obtain a fraction con- 
taining compounds (I) and (II). This fraction is crys- 
tallized from a suitable solvent system, for example a 
solvent mixture of water and lower alcohol, preferably a 
solvent mixture of water and methanol in a ratio of 1:1 by 
30 volume, to prepare the desired pure saponin compo\mds (I) 
and (II) . 

According to this method, during the procedure of 
heat -treatment of ginseng, a sugar moiety attached to the 
35 20th carbon of panaxadiol saponins present in ginseng such 
as ginsenosides Ra, Rb x , Rb 2 ; Rc, Ed, etc is removed and 
an acetyl group is introduced into the 6th position of the 
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terminal glucose of the sugar moiecy attached to 3rd 
carbon to produce the novel saponin compound (I) . The 
saponin compound (I) can also be produced by removing the 
sugar moiety attached to the 20th carbon from ginsenosides 
5 Rs x and Rs 2 . The saponin compound (II) is produced by 
removing the OH group attached to the 20th carbon and 
hydrogen at the 22 th-pos it ion from the compound (I) 
through dehydration reaction. In this reaction, the 
stereochemical structure of the double bond at 20th-posi- 
10 tion can have cis or trans configuration. 



In the extraction method according to the present 
invention as mentioned above, the contents of the desired 
compounds (I) and (II) can be more increased by repeatedly 
15 carrying out chromatography. In addition, if necessary, 
the order of the heat -treatment step and extraction step 
with organic solvent in this process can be inverted to 
obtain the same result. 



20 According to the synthetic method of the present 

invent ion, the novel saponin compounds of formulas (I) and 
(II) can be obtained by acetylating the known ginsenoside 
compounds. Specifically, the compound of formula (I) can 
be produced by acetylating the known ginsenoside Rg£ of 

25 formula (III) , and the compound of formula (II) can be 
prepared by acetylating the known ^ 20 * 22 * -ginsenoside Rg-j 
of formula (IV) which is formed by the dehydration reac- 
tion at 20th-position of ginsenoside Rg 3 . 




an) 
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10 Such acetylation reaction can be conducted using 

acetic anhydride (Ac 2 0) or acetyl chloride as an acetylat- 
ing agent. In this case, the acetylating agent :an be 
used in a molar rat io of l;l-4, preferably 1:1^2*- 2 with 
respect to the compound (III) or (IV) . It is appropriate 

IS to carry out this reaction at a temperature of -40 °C to 
20 fl C, preferably -40°C to 0*C, for 1 to 48 hours* 

The novel saponin compound of formula (I) or (II) thus 
obtained can be further purified by a conventional work- 
20 ing-up method, for example, selective crystallization, 
column chromatograpy, etc. 

The novel saponin compounds (I) and (II) prepared 
according to the process of the present invention as 

2S mentioned above, have a potent ant i- tumor activity, and 
therefore can be effectively used as an agent for preven- 
tion or treatment of cancerous disease such as hepatoma, 
gastric cancer, leukemia, etc. Therefore, the present 
invention also relates to an ant i- tumor composition com- 

30 prising as an active ingredient the compound (I) or (II) 
or the mixture thereof. 

When the composition containing the compounds (I) 
and/or (II) of the present invention is applied for clini- 
35 cal purposes as an anti-tumor agent, it can be combined 
with pharmaceutical^ acceptable carriers to prepare 
various formulations conventionally used in the pharmaceu- 
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tical field, for example, oral preparations such as cab- 
lets, capsules, troches, solutions, suspensions, etc.; 
injectable preparations such as injectable solutions or 
suspensions, or ready-to-use dried powder which can be 
applied after re-constituted with injectable distilled 
water before injection, etc.; or locally applicable prepa- 
rations such as ointments, creams, solutions, etc. 



The carriers which can be used in the composition of 

10 the present invention are conventional ones in the pharma- 
ceutical field, for example, binders, lubricants, disinte- 
grating agents, excipients, solubilizers , dispersing 
agents, stabilizers, suspending agents, coloring agents, 
flavors and the like in the case of oral preparations; 

15 preservatives, agents for painlessness, solubilizers, 
stabilizers and the like in the case of injectable prepa- 
rations; bases, excipients, lubricants, preservatives and 
the like in the case of locally applicable preparations. 
The pharmaceutical preparations thus produced can be 

20 administered orally, or parenterally such as for example 
intravenously, peritoneally, subcutaneously , or can be 
topically applied. In addition, the oral preparations 
may be administered together with an antacid or in the 
form of an enteric -coated preparation which is formulated 

25 by covering the orally administrate solid preparation 
such as tablet with the enteric coatings, in order to 
prevent decomposition of the preparation by gastric acid 
when it is administered per orally. 



30 Although the administration dosage to a human being of 

the novel saponin compounds (I) and (II) according to the 
present invention can be selected depending on the absorp- 
tion, inactivating rate and excretion rate of the active 
component in the body, age, sex and condition of the 

35 subject patient, severity of the disorders to be treated 
and the like, it is generally administered to an adult in 
an amount of 5 to 500mg, preferably 10 to 200tng daily. 
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Therefore, when the composition of the present invention 
is formulated into the dosage unit form, each of the 
dosage unit form can contain the compounds (I) and/or (II) 
in an amount of 5 to SOOmg, preferably 10 to 200mg on the 
5 basis of the effective amount range as mentioned above. 
If necessary, the dosage unit form thus formulated can be 
administered using a specialized method according to the 
judgement of the specialist who arranges or observes the 
administration and the requirement of the individuals. 
10 The total daily dosage can also be divided into several 
portions and administered over several times, preferably 1 
to 6 times. 

The present invention is more specifically explained 
15 by the following examples and test examples. However, it 
should be understood that the present invention is not 
limited to those examples in any manner. 

EXAMPLE 1 s Preparation of ginsen g extract containing thfe 
20 compounds ( I ) and ( II ) 

loog of fresh ginseng was introduced into a sealed 
container and then heated for 2 hours at 130°C. The 
obtained processed ginseng was extracted with 2 00ml of 

2S methanol to obtain the methanol extract and then methanol 
was removed from the extract by evaporation. The remain- 
ing residue was suspended in 10 0ml of water, extracted 3 
times with 100ml of ether, and then the remaining aqueous 
layer was extracted 3 times with 100ml of butanol saturat- 

30 ed with water to obtain the butanol extract containing 
saponins. This butanol extract was dried and then sub- 
jected to silica gel column chromatography {eluent - ethyl 
acetate/methanol/ water - 20:1:1). According to the 
result of TLC analysis (developing solvent: ethyl 

35 acetate/methanol/ water = 10:1:1) of the eluates, 30mg of 
a fraction containing 50% of the desired compound (I) 
having the Rf value of 0.25 and 2Smg of a fraction con- 
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taining 55% of the compound (II) having the Rf value of 
0.27 were obtained, respectively . 

EXAMPLE 2 : Preparation of ginseng extract containing the 
5 compounds (I) and (II) 

10kg of dried root -hair ginseng was extracted by 
refluxing with 20L of methanol for 4 hours. The ginseng 
extract thus obtained was dried under reduced pressure . 

10 The resulting ginseng extract in the form of a syrup was 
introduced into an autoclave and then heated for 4 hours 
at 120°C. The heat-treated ginseng extract was subjected 
to silica gel column chromatography according to the same 
method as Example 1 and then the eluates were applied for 

15 TLC analysis (developing solvent: ethyl 
acetate/methanol/water = 10:1: 1) to obtain 3g of a frac- 
tion containing 50% of the desired compound (I) having the 
Rf value of 0,25 and 2g of a fraction containing 60% of 
the compound (II) having the Rf value of 0.27, respective- 

20 ly. 



Example 3 : Preparation of the compound (I) 



lg of the fraction containing the compound (I) pre- 
25 pared in Example 2 above was subjected to silica gel 
col umn chromat ograpy according to the same manner as 
Example 1 using the mixed solvent of ethyl acetate/metha- 
nol/water (20 : 1 : l) as an eluent to obtain 400rng of a 
fraction containing 92% of the desired compound (I) . The 
30 fraction thus obtained was crystallized from the solvent 
mixture of methanol /water (1:1, v/v) to obtain 200mg of 
the desired compound (I) * 



The compound (I) thus obtained exhibits the following 
35 physico-chemical characteristics : 

Chemical name : 3G, 12S, 20E-trihydroxy-damar-24-ene-3-0-£- 
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D-gn-O-acetyl-glucopyranosyl- (l-*2) -S-D- 
glucopyranoside 

Mass spectrum <FAB + , m/z) : 827<[M+H] + ), 849<[W+Nal + > 
5 (FAB~, M/Z) : 825((M-H]~) 

CNMR (6 ppm, pyridine - d5 ) : 16*1, 16-2, 16 „7, 17.1, 17. 4 , 
18-3, 20.9, 22.4, 22. 7, 25-5, 26.3, 26.8, 27.7, 
30.8, 30.9, 34.8, 35. 4, 36.7, 39.1, 39.4, 39.8, 
49.2, 50.1, 50.2, 51.6, 56,2, 62.5, 64-5, 70.7, 

70.8, 71.1, 73-6, 75.0, 7S-1, 77.6, 77-7, 78.2, 

83.9, 88. 9, 104.6, 105.8, 125.8, 130.5, 171.0 



10 



15 



20 



25 



Example 4 : Preparation of the co mpound (II) 

lg of the fraction containing the compound (II) pre- 
pared in Example 2 above was subjected to silica gel 
column chromatography according to the same manner as 
Example 1 using the solvent mixture of ethyl acetate/ 
methanol/water(20:l:l> as an eluent to obtain 300mg of a 
fraction containing 95% of the desired compound (II) . 
The fraction thus obtained was crystallized from the 
solvent mixture of methanol /water (1:1, v/v) to obtain 
ISOmg of the desired compound (II) , 

The compound (II) thus obtained exhibits the following 
physico-chemical characteristics : 

Chemical name : 3S, 12fi-dihydroxy-damar-20 (22) , 24-diene-3- 
30 o-G-D-6" -O-acetyl-glucopyranosyl- (l-*2) 

D-glucopyranoside 

Mass spectrum (FAB + , m/z) : 809<[M+Hl + ), 831([M+Na] + ) 

35 CNMR(fi ppm, pyridine-d5) ; 13.1, 15,7, 15.9, 15.9, 17.1, 
17.8, 18.5, 20.9, 25. 7, 26.8, 27.1, 27-4, 28,1, 
32.2, 32.6, 35.4, 37.1, 39.3, 39.8, 40.3, 50.8, 
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50.9, 51.1, 51-2, 56. 5, 62-9, 64.8, 70.9, 71-1, 
71.5, 75.4, 77.9, 78.1, 78-1, 78.6, 84.3, B9.2, 
104.9, 106.2, 123.5, 125.2, 131.0, 140.8, 171.0 

5 Example 5 ; Synthesis of the compound (I) 

50mg of gi rise no side Rg 3 was dried under reduced pres- 
sure and 1ml of 2, 4, 6-collidine was added thereto and then 
stirred for 10 minutes at -40°C. lO^el of acetyl chloride 

10 was introduced thereinto and then the mixture was allowed 
co react for 3 hours. The reaction mixture was warmed 
slowly to room temperature and allowed to stand for 1 hour 
at room temperature. 1ml of methanol was added and the 
reaction solution was subjected to silica gel column 

15 chromatography according to the same manner as Example 1 
to obtain 20mg of the desired compound (I) . 

Example 6 : Synthesis of compound (II) 

20 50mg of ^ 20 (22 ' -ginsenoside Rg 3 was dried under re- 

duced pressure and 1ml of 2 , 4, 6-collidine was added there- 
to and then stirred for 10 minutes at -40°C, 10pl of 
acetyl chloride was introduced thereinto and then the 
mixture was allowed to react for 3 hours. The reaction 

25 mixture was warmed slowly to room temperature and allowed 
to stand for 1 hour at room temperature. 1ml of methanol 
was added and the reaction solution was subjected to 
silica gel column chromatography according to the same 
manner as Example 1 to obtain 25mg of the desired compound 

30 (II) . 

Test Example 1 : Anti-tumor activity of the compounds (I) 

and (II) 



35 The anti-tumor activity of the novel saponin compounds 

of formulas (I) and (II) according to the present inven- 
tion was determined by the method for measuring the incor- 
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poration amount of 3 H thymidine as described in the fol- 
lowing . 

13. Bg of DMEM (Dulbecco's Modified Eagle's Medium, 
5 manufactured by Gibco Co.) was dissolved in II* of de ion- 
ized water and then adjusted to pH 7.4 with sodium carbon- 
ate and hydrochloric acid solution. Then, 10% calf 
serum, 1x10 of insulin and 50mg/L of gentamycin were 
added thereto. The mixture was then sterilized by means 

10 of a millipore filter to prepare the culture solution. 
To this culture solution was inoculated human hepatoma sk- 
Hep-1 cell line, which was distributed from Cancer Re- 
search Center of Seoul National University in Korea, in a 
ratio of 1x10 s cells per 25cm 2 of the T flask area, which 

15 was then incubated for 4 8 hours in an incubator of 37°C 
while keeping 5% CO^ gas. The culture product was trans- 
ferred to a 24 -well incubator and subcultured for one day, 
and then each of the compounds (I) and (II) dissolved in 
70% ethanol was added thereto to a concentration of 0,01 

20 to 10/iM, respectively. The same volume of 70% ethanol, 
instead of compounds (I) and (II) , was added to the con- 
trol group- 12 hours after treatment with each of the 
compounds (1) and (II), 3 H- label led thymidine was added to 
a concentration of 1/iCi/ml* After 12 hours, the medium 

25 was removed from each well and the cells were fixed with 
methanol, washed with PBS and then washed twice w^th 10% 
trichloroacetic acid to remove the unreacted radioactive 
thymidine. The cells were dissolved in IN sodium hydrox- 
ide solution and neutralized with IN hydrochloric acid and 

3 0 then the radioactivity introduced into DNA was measured by 
scintillation counter (Pharmacia 1024) . The measured 
results are described in the following Table 1* 



35 
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Table 1. Incorporation amount of radioactive thymidine 

into Che DNA of hepatoma sk-Hep-1 cells depending 
on the concentration of compounds (I) and (II) . 



5 



Compound (I) 


Compound (XI) 


Concent rat ion 


dpm/well 


Percentage 


dpm/well 


Percent: age 




(Mean ± S.E. ) 


to control 


(Mean ± S.E.) 


co control 


Control 


17812 ± 819 


100.0 


25828 ± 1918 


100,0 


0.01 


23281 + 1256 


130.7 


19242 ± 570 


74-5 


0.1 


15016 ± 1231 


84*3 


15658 ± 1873 


60.6 


0.5 


15665 ± 921 


87.9 


15137 ± 1467 


58.6 


1 


15729 ± 302 


SB. 3 


13646 ± 2127 


52.8 




13155 ± 563 


73.9 


6421 ± 1527 


24.9 


5 


733 ± 145 


4.1 


430 ± 105 


1.7 


10 


728 ± 254 


4.1 


4S7 ± 115 


1.8 



20 

Note S.E. ; Standard error 



As can be seen from the results described in Table 1 
above, both the compounds (I) and (II) remarkably decrease 
25 the amount of incorporated radioactive thymidine at a 
concentration of 0.1/xM or more, particularly 5jjM or more. 
Therefore, it can be seen that the compounds (I) and (II) 
significantly inhibit the growth of hepatoma sJt-Hep-1 
cells. 

30 

Teat Example 2 : Cell growth- inhibitory activity of the 

compounds (I) and (II) against human 
hepatoma eel 1 $ 



35 13. 8g of DMEM (Dulbecco's Modified Eagle's Medium, 

manufactured by Gibco Co.) was dissolved in 1L of deion- 
ized water and then adjusted to pH 7.4 with sodium carbon- 
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ate and hydrochloric acid solution. Then, 10% calf 
serum, 1x10 'M of insulin and 50mg/L of gentamycin were 
added thereto. The mixture was then sterilized by means 
of a millipore filter to prepare the culture solution. 
5 To this culture solution was inoculated human hepatoma 
cell line sk-Hep-1, which was distributed from Cancer 
Research Center of Seoul National University, in a ratio 
of lxio 6 cells per 25cm 2 of the T flask area, which was 
then incubated for 48 hours in an incubator of 37* C while 

10 keeping 5% of C0 2 gas. The culture product was trans- 
ferred to a 96-well incubator in a concentration of 10 3 
cells per well and subcultured for one day, and then each 
of the compounds (I) and (II) dissolved in 70% efehanol was 
added thereto to a concentration of 0.1 to 50//M, respec- 

15 tively- After 24 and 4 8 hours from the treatment with 
each of the compounds (I) and (II), 20^1 of 3- [4, 5-dimeth- 
yl-thiazol-2-yl] - 2 , 5 - dipheny 1 tetrazolium bromide (MTT) 
dissolved in PBS (phosphate buffered saline) (5mg/ml> was 
added thereto and treated for 4 hours at 37°C to produce 

20 the insoluble forma zane - The reaction mixture was cen- 
trifuge d and the supernatant was removed. Then,, 10 0//1 of 
DMSO (dimethylsulf oxide) was added to dissolve the forma- 
zane precipitate and then the optical density at 570nm was 
measured by means of automatic plate reader as an index of 

25 the amount of forma zane thus produced- The measured 
results are described in the following Tables 2 (after 24 
hours) and 3 (after 48 hours) . 

30 



35 
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Table 2. MTT analysis against human hepatoma sk-Hep-1 

cells depending on the concentration of compounds 
(I) and <II> (after 24 hours) 



S 





Compound 


(I) 


compound 


(XI) 


Concentration 


o.n. 


Percentage 




Percentage 


(*M) 


(Mean ± S.D.) 


to control 


(Mean ± S.D.) 


to control 


Control 


0.96 ± 0.03 


100.0 


0.94 ± 0.16 


100.0 


0.01 


0.8B ± O.OS 


89.7 


0.70 ± 0.02 


74.6 


0-1 


0.74 ± 0.01 


76*0 


0.65 ± 0.00 


69.5 


0.5 


0.68 ± O.OS 


69-6 


0.59 ± 0.04 


62.7 


1 


0.61 i 0.03 


61.9 


0.52 ± 0.03 


55,9 


5 


0.50 ± 0.01 


50.7 


0.46 + 0.04 


48.7 


10 


0.42 ± 0,04 


43 ,1 


0.36 ± 0.01 


38. 2 


25 


0.17 + 0*03 


17.3 


0.24 ± 0.03 


26-0 



20 

Table 3. MTT analysis against human hepatoma sk-Hep-l 

cells depending on the concentration of compounds 
(I) and (II) (after 48 hours) 





Confound 


(I) 


Compound 


(ID 


Concent rati on 


O.D. 


Percentage 


0-D. 


Percentage 


(MM) 


(Mean ± S.D.) 


to control 


(Mean ± S.D.) 


to control 


Control 


1.02 ± 0.02 


100.0 


1.07 ± 0.04 


100.0 


0-01 


0.89 ± Q.04 


87. B 


0.90 t 0-04 


83,8 


0.1 


0.70 ± 0.03 


69.0 


Q.69 i 0.03 


64.1 


0.5 


0.42 ± 0.02 


41-6 


0,42 t 0.01 


38.7 


1 


0.34 ± 0.02 


33.0 


0.36 ± 0.01 


33-8 


5 


0.18 ± 0.01 


18.1 


0.28 ± 0.04 


26.0 
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Table 3. (continued) 



Compound ( 1 ) 


Compound 


(111 


Concentration 


O-P. 


Percentage 


O.D. 


Percentage 


(AIM) 


(Mean ± S.D>) 


to control 


(Mean ± S.D.) 


to control 


10 


0,14 ± 0,01 


13-7 


0.14 ± 0.01 


12-7 


25 


0.12 ± 0.01 


11.6 


0.12 ± 0.01 


11.0 



Note O.D, : Optical density 

S.D. t Standard deviation 

15 

From the results described in Tables 2 and 3 above, it 
can be seen that since the optical density (O.D. ) decreases 
accordingly as the concentration of the compound (I) or 
2 0 (II) increases, the compound of the present invention 
significantly inhibits the cell -growth of hepatoma a)c-Hep- 
1 cells. 

Test Example 3 : Acute toxicity test: of the compounds (I) 
2S and (II) 

40 mice weighing 20 to 40g were used as test animal 
and divided into 2 groups including 20 mice, respectively. 
Each of the compounds (I) and (II) according to the 

30 present invention was suspended in 1ml of physiological 
saline and orally administered to each group. After 14 
days from administration, the number of survived test 
animal was counted. To the control group, 1ml of physio- 
logical saline was orally administered. The results are 

35 described in the following Table 4 . 
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Table 4. Acute toxicity of the compounds (I) and (II) 
against mouse 



5 


Test group 


Dosage 
(mg/kg,Oral) 


Number of 
Test animals 


Number of 
Survived animals 




A 


1000 


20 


20 


10 


B 


1000 


20 


20 



None A : Compound (I) receiving group 
B : Compound (II) receiving group 

15 



Prom the results described in Table 4 above, it can be 
seen that the novel ginseng saponin compounds (I) and (II) 
according to the present invention have no substantial 
2o toxicities . 



25 



30 



35 
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WHAT IS CLAIMED IS : 



1. A ginseng saponin compound having the following formu- 
5 la (I) : 



S]045 



10 



Ac— Glc-G!c 




en 



15 2, A ginseng saponin compound having the following formu- 
la (II) wherein the configuration of ^20(22) is 
zusammen or entgegen: 



20 



Ac— Glc-GIc 




(II) 



25 



A process for preparing a compound having the follow- 
ing formula (I) : 
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which comprises acetylating ginsenoside Rg 3 having the 
following formula (III) : 




4. A process for preparing a compound having the follow- 
ing formula (II) ; 



15 



20 



Ac— G!c-Glc 




(II) 



which comprises acetylating A 20 l22) -ginsenoside Rg 3 
25 having the following formula (IV) : 




(IV) 



A process for preparing the compounds of formulas (I) 
and (II) as defined in claims 1 and 2, characterized 
in that an extract from the plant of Panax genus with 
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water or lower alcohol is heated for 0.5 to 20 hours at 
a temperature of 110 to 180°C, the processed ginseng 
thus obtained in extracted with water, an organic 
solvent or a mixture thereof and then the extract is 
S concentrated under reduced pressure, suspended in 

water and then extracted with a nonpolar organic 
solvent, the aqueous layer is separated and extracted 
with a polar organic solvent, and the obtained extract 
is subjected to chromatography to obtain a fraction 
10 containing the said compounds (I) and (II) , which is 

then crystallized from a solvent mixture of water and 
lower alcohol. 

6, An anti-tumor composition comprising the compound of 
15 formula (I) as defined in claim 1, the compound of 

formula (II) as defined in claim 2 or a mixture there- 
of as an active component, together with a pharmaceu- 
tically acceptable carrier, 

20 7- The composition of claim 6 which is formulated into a 
pharmaceutical dosage unit form. 
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Metabolism f 20(5)- and 20(ft)-Giiisenoside by Human Intestinal 
Bacteria and Its Relation to in Vitro Biol gical Activities 

Eun-Ah Bae,* Myung Joo Han," Min-Kyung Choo,* Sun- Young Park,* and Doug-Hyun Kim*'* 

Department offhod and Nutrition, 0 and College of Pharmacy? Kyung Nee University, 1. Hoegi. Dongdaemtwku, Seoul 
130-70 J, Korea. Received June 6, 2001 ; acccpTed August 23, 2001 

When ginsenoside was anaerobicallv incubated with human fecal microflora, all specimens metabolized 
ginsenotiide R^ io gin S en o aide and protopannxadfoL The main metabolite was ginsenoside fc ftr 20(5>gln- 
renoside was quickly transformed to 20(5)-gLiisennside R bt or 20(5>protupanaxBdiol in an amount 19-fold 
that compared with the transformation of 2(l(JZ)-glnsenosldc R^ to 20(/ty*ginseno3fde R hl or 20(/0-protnpanaxa- 
dinl. Among the bacteria isolated from human focal microflora, Bacteroides sp_, Eubacterium sp. T and Bifidobac- 
terium ap. metabolized ginsenoside to protopanaxadiol via ginsenoside R w . However, Fusobacterium $p- me* 
tabolized ginsenoside R^ to ginsenoside R^ alone, Among ginsenoside ahd its metabolites, 20(5)-pro- 
tnpanaxadlol and 20(£)-ginsenoside R to2 exhibited the most potent cytotoxicity against tumor cell lines, 20(5)- and 
20(JK)-pr»tQpanaxadiols potently inhibited the growth of Helicobacter pylori, and 20(5)-£lnsenosidc R a2 inhibited 
H + /K + ATPase of rat stomach. 

Key words girisenoside R^; intestinal bacteria; gmsenosiclc R^; protopanaxadiol; cytotoxicity; Helicobacter pylori 



Most herbal medicines are orally administered and their 
components inevitably come into contact with intestinal mi- 
croflora in the alimentary tract. These components may be 
transformed before they are absorbed from' the gastrointesti- 
nal tract. Studies on the metabolism of herbal medicine com- 
ponents by human intestinal microflora are therefore of great 
importance in understanding their biological effects. 1,3 * 

Among herbal medicines, ginseng (the root of Panax gin- 
seng C.A. Meyer, Araliaceae) is frequently used in Asian 
countries as a traditional medicine- The major components of 
ginseng are ginsenosides. 3 ^ These ginsenosides have been 
reported to show various biological activities including anti- 
inflammatory activity 55 and antitumor effects. 6,75 The pharma- 
cological actions of these ginsenosides has been explained by 
the biotransformation of ginsenosides by human intestinal 
bacteria. * 12) Transformed 20- C?-/3-D-glucopyranosy 1-20(5)- 
protopanaxadiol (IH-9GM, compound K) from ginsenosides 
Rt,!, Rl? and R c induces an antimetastatic or an ti carcinogenic 
effect. 15) In addition, ginsenosides R bP R^, and R c arc 
transformed to ginsenoside R fl3 by treatment with mild acid 
such as stomach acid. ,6) Furthermore, ginsenoside R^ is a 
main component of Red Ginseng. 17 ' However, studies on the 
metabolism of ginsenoside R fi3 by human intestinal bacteria 
are not complete. 

Therefore we investigated the human intestinal bacteria ca- 
pable of metabolizing ginsenoside R ga and its related biologi- 
cal activities, such as in vitro cytotoxicity and anti-/fe//- 
cohaci&r pylori (HP) activity. 

MATERIALS AND METHODS 

Materials and Bacterial Strains Sodium thioglycolate 
and ascorbic acid were purchased from Sigma Chemical Co. 
(U.S. A.). General anaerobic medium (GAM) was purchased 
from Nissui Pharmaceutical Co., Ltd., (Japan). Tryptic soy 
broth was purchased from Difco Co. (U.S.A.). p-Nitrophcnyl 
/3-D-glucopyranoside (PNG) was purchased from Sigma 
(U.S.A.). The other chemicals were of analytical reagent 
grade, 

Tumor cell lines were purchased from the Korean Cell 

* To whom correspondence should be addressed, e-mail: dhlcim@kb^,w.kr 



Bank. HP ATCC43504 was purchased from ATCC, HP 
NCTC11638 was purchased from NCTC. HP82516 and HP4 
clinically isolated from Korean gastroscopic samples were 
used. They were inoculated onto brucella agar plates supple- 
mented wfth 7Yo horse scrum and cultured for 3 days at 37 °C 
under microaerophilic conditions (AnaeroPak Campy lo: 85% 
N a , 10% C0 2 , and 5% OJ. 

Isolation of TVansformants of Ginsenoside R tll under 
Mild Acidic Conditions Ginsenoside R bl (2g) was treated 
in mild acidic conditions 16 * at 37 °C for 2h, as previously re- 
ported, concentrated at 60 °C and extracted with n-JBuOH. 
From this BuOH fraction, 20(5}- and 20(A)-ginsenoside R^ 
were isolated according to the previous method' 8 ' The 
BuOH fraction was chromatographed on a silica gel column 
using CHCl 3 -MeOH-H 3 0 (10:3:1, lower layer) to produce 
4 ln -ginscnOside R^ (0.05 g), and isomeric 20(5)- and 2Q(R)- 
ginsenoside R^ (0.6 g). The isomeric mixture was dissolved 
in pyridine, and acetic anhydride was added drop by drop in 
ice bath and stirred at room temperature far 10 h. The reac- 
tion mixture was dispersed in ice water and extracted three 
times with EtOAc. The organic layer was washed with 5% 
HQ, saturated aqueous NaHC0 37 and brine, followed by dry- 
ing over anhydrous magnesium sulfate. The residue was ap- 
plied to silica gel column chromatography and eluted with 
dichloromethane-EtOAc (8 : 1 ) to afford peracetylatcd-20(5)- 
ginsenoside Rga and peracetylated-20(>?)-ginsenoside R^. 
These compounds were each dissolved in 5% NaOH/rt- 
BuOH (20 ml) in an ice bath and stirred at room temperature 
overnight After the reaction mixtures were washed with 
water and evaporated to dryness, the residues were applied to 
silica gel column chromatography using CHCl 3 -McOH-H 2 0 
(9:3:1, v/v) to give 20(5)-ginsenoside R^ (0-2 lg) and 
20(*)-ginsenoside R^ (0.12g), respectively. 

20(5)-Ginsenoside R^ (4): Colorless needles, mp 248 — 
250 °C (dec), FAB-MS (m/z) 786 [M+l] + . 

20(*)-Ginsenoside R^ (5): Colorless needles, mp 299 — 
302 °C (dec), FAB-MS (m/z) 786 [M+ 

Is latlon of Metabolites of Ginsenoside by Human 
Intestinal Bacteria The reaction mixture containing 100 
mg of 20(5)- ginsenoside R g3 (or 20(A)-ginsenosid€ R^) and 

(O 2002 Pharmaceutical Society of Japaj) 
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plriflanoikle Rb2 : f>- ' AraCpKGie- (2) 
«irtfc«rtosklB Re ;B. : 4«<0-GIc- p| 

Mild «cidie <r*«tm»n1 



2<J(S)-glnaonp(iiao Rq3 (4] 
20(f7>-glrtft6AOsida Rfl3 (Sj 



£ttb*cl*rtum A44 



, 0»cmfD#cf»d HJ1* 
HO 



EabrndBftum A 44 I 

! Bac 

^ ug 



20(5VprcilQpflilBXBdiot{81 Z0(^)-protopflne»adl4l (9) 

Chart 1, Proposed Metabolic Pathway of Ginsenoside by Human Intestinal Bacteria 

Eciith inecubolit; paLbwny was patently cntslyzcd by tho b&cwia listed from bacteria tested in (nil* expcrim&riL — *, main pathway; -■:», minor pathway. 



500 rag fresh fecal suspension was incubated for 24 h (or 72 b 
for 20(A)-ginsenoside R^) at 37 °C. The reaction mixture 
was adjusted to pH 2 whh HCl, extracted with ethylacetate, 
evaporated to dryness, and applied to silica gel column chro- 
matography; solvent CHCl 3 -MeOH-H 2 0 (65 : 35 : 10 v/v, 
lower phase). 20(5)-ginsenoside R h2 (12mg) and 20(A)-gnv 
senoside (20 mg), and 20($)-protopanaxadiol (15 mg) 
and 20(*)-protopanaxadiol (5 mg) were isolated. 

Ten grams of fresh feces were suspended with 100 ml of 
anaerobic diluted media and centrifuged at 200 Xg for 5 min, 
and the precipitate was discarded. The supernatant was cen- 
trifuged at 10000 x s for 20 min. The precipitate was washed 
twice with saline and used in the experiment, 

20(iS>Gin senoside (6): Colorless needles, mp 219 — 
221 °C (dec), FAB-MS (m/z) 623 [M+l] + . 

20(A)-Ginsenoside (7): Colorless crystals, mp 208 — 
210 °C (dec.), FAB-MS (m/z) 623 [M4- Ij\ 

20(5)-protopanaxadiol (8): Colorless needles, mp 193 — 
200 °C (dec ), Electron-impact (EI>MS (m/z) 459 [M] + . 

20(A)-protopanaxadiol (9): White needless, mp 236— 238 



°C (dec), EI-MS (m/z) 459 [M] + . 

Screening of Bacteria Metabolizing Ginsenoside ^ 
Among human feces tested, potent ginsenoside R^-hydrolyz- 
ing fresh feces were anaerobically diluted 10 3 - to 10 7 -fold 
Two hundred microliters of the diluted fecal suspension were 
inoculated on GAM agar plates. The plates were anaerobi- 
cally incubated at 37 °C for 24 h. More than 100 colonies iso- 
lated from several plates, or bacteria previously isolated from 
human intestinal bacteria (Bacteroides HJ-15, Bacteroides 
Eubacterium A-44, Bifidobacterium K-lll, and Fu~ 
sobacterium K-60) l3> were cultured in 50 ml of tryptic soy 
broth containing 0.01% sodium thioglycolate and 0.1% 
ascorbic acid (TSTA), and then each cultured cell was cen- 
trifuged at 3000 Xg for 10 min and washed twice with saline. 
The activities of these collected cells in metabolizing gin- 
senoside R g3 were measured using the assay method de- 
scribed. 

Assay f Metabolic Activity of Ginsenoside by 
Human Intestinal Bacteria The reaction mixture contain- 
ing 100 yX of ImM ginsenoside R 3 and 100/il of fecal sus- 
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pension (or bacterial suspension cultured in TSTA broth) was 
incubated for 12b at 37 °C. The reaction mixture was ad- 
justed to pH 2 with HC1, extracted with ethylacctate, evapo- 
rated, and assayed by TLC; TLC plates, Silica gel 60F 2S4 
(Merck Co., U.S.A.); developing solvent, CHCl 3 -McOH- 
H^O (65 : 35 : 10 v/v, lower phase). The plates were stained 
by spraying with MeOH-HjS0 4 (95:5 v/v), followed by 
heating. The stained TLC plates were then analyzed using a 
TLC scanner (Sbimadzu model CS-9301PC, Japan), 

Each isolated bacterium was cultured in 50 ml of TS1A 
broth and centrifuged at 3000X0 for 30min. Each collected 
bacterial pellet was suspended in 50 rxiM phosphate butler and 
used as a crude enzyme solution. 

Assay of /Hjrlucosidase Activity /J-Glucosidase en- 
zyme activity was assayed according to our previous meth- 
od^ 

Time Course of the Metabolism of Ginsenoside by 
Human F^cal Microflora Ginsenoside R^ -metabolizing 
activity was measured as follows. Two milliliters of fresh 
human fecal suspension (250mg/ml) or the isolated intestinal 
bacterial suspension (250mg/ml or 1 g/ml) were added to 8 
ml of anaerobic diluted medium 1 1) containing 0.3 ihm 20(5)- 
ginsenoside (or 20[£]«ginsenoside R^) and then was in- 
cubated at 37 °C for 1 d, and an aliquot (0.5 ml) of the reac- 
tion mixture was periodically extracted twice with 1 ml of 
ethylacctate. The ethylacctate traction was analyzed by TLC. 
Ginsenoside R g3 and its metabolites were identified and as- 
sayed against authentic compounds isolated according to our 
previous method. 

The fresh feces of a healthy volunteer (2 g) were collected, 
suspended in 48 ml of anaerobic dilution medium, cen- 
trifuged at 200 and the supernatant was ccntrifuged at 
10000X* for 30min. 

The isolated bacteria were cultured in 500ml of TSTA 
broth and centrifuged at 1000QX# for 30min and washed 
with the anaerobic dilution medium. The fecal and bacterial 
precipitates (250 mg) were resuspended in 1.75 ml of anaero- 
bic dilution medium. 

Assay of Anti-HP Activity A growth inhibition assay of 
HP was performed according to the previous method. 1 9> 

Preparation and Assay of HP Urease The preparation 
of partially purified urease from HP was performed accord- 
ing to our previous method.' 9 > Urease activity was deter- 
mined by the indophenol method. 10 * Acetohydroxamic acid 
was used as a positive control. 

Preparation and Assay of Rat Stomach H + /K + -ATPase 
Gastric H + /K + -ATPasc was partially purified from the pari- 
etal cell-rich traction of male Sprague-Dawley rat (200 — 250 
g) stomach as described by Saccomani and Mukidjam.* 0 

Rat gastric H + /K + -ATPase activity was also determined 
according to the modified method of Saccomani and Mukid- 
jam. 1 " 

In Vitro Cytotoxicity Assay The in vitro pyto toxicity 
was tested against L1210 (mouse lymphocytic leukemia cell 
line), P388 (mouse lymphoid neoplasma cell line), A549 
(human lung c&rcimoma), and Mel 80 (human cervix uterine 
carcinoma) cell lines by MTT [3-(3,5-dimethylthia?:ol-2-yl)- 
2,5-diphenyltctrazolium bromide] assay according to the 
method of Carmichael et al} 2) 
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RESULTS 

Metabolism f Ginsenoside R^ 3 by Human Intestinal 
Microflora When ginsenoside R bl decomposed under mild 
acidic conditions (0.1 n HCJ), two additional spots were ob- 
served on TLC. They were tentatively designated as ^"-gin- 
senoside and isomeric ginsenoside in the order of in- 
creasing polarity. The isomeric ginsenoside was separated 
into 20(5)- and 20(A)-ginsenoside by acctylation and sol- 
ubility. The acid-labile nature of ginsenosides was observed 
even if the concentration of HC1 was as low as 0,01 n HC1. 
These results suggest that this reaction of ginsenoside R s3 
could occur in the stomach or during the fermentation of gin- 
seng. 

Therefore, to investigate the metabolic process of ginsen- 
side before absorption in the intestine, 20(5)- and 20(A)- 
ginsenside were incubated with human fecal suspension. 
20(5)-Ginscnoside and 20(5)-protopanaxdiol, and 20(A)- 
protopanaxdiol and 20(/2)-ginsenoside R M were observed as 
the metabolites, respectively. The main metabolites of these 
compounds were 20(5)- and 20(A)-ginsenoside during 
24-h incubation, respectively. 

When 20(5)- and 20(A)-ginsenoside R ga -hydrolyzing activ- 
ity was first assayed in fecal specimens torn five different 
human subjects, their transforming activities were detected in 
all specimens. However, these activities varied depending on 
the individual samples. The mean of the activities transform- 
ing 20(5)- and 20(A)-ginsenosidc R a3 to 20(5)- and 20(A)- 
ginsenosidc were 0.57±O.2O and 0.03 ±0.002 nmol/h/mg 
wet weight of feces, respectively (Fig. 1 ). The metabolic ac- 
tivity of 20(5)-ginsenoside R^ to 20(5}-ginsenoside was 
19-fold higher than that of 20(A)-ginsenoside R g3 to 20(A)- 
ginsenosidc R^. When 20(5)-ginsenoside R^ was incubated 
with human fecal microflora, it began to be transformed to 
20(5)-ginsenosidc R^ which was transformed to 20(5>pro- 
topanaxadiol (Fig. 2). However* 24 h after incubation the 
main metabolite was 20(5)-ginsenosidc R h2 . The metabolic 
pathway of 20(A) -ginsenoside was similar to that of 
20(5)-ginsenoside R^. However, its metabolism was weakly 

♦ r ... 



Li 




Fig. 1. The Activity TransfGnnijifl GinSenos;ide lo Ginsenoside R h , 
ond Protopanaxadiol by Human Fecal Micit>florv 

Humau fecal auopoiuion wax prrparcd and its activity wtw assayed OH d&Oribod in 
Material* on J Malboda. Transforming activity of gilKienasidc R^, \o glattcuOtfidu 
wwt calculated from total transformed gbiBcnauidu li^ 2 and protorannxadio). Symbols 
indicnte the Mlourjliy; netivity iransrortnlng ^inSftnOiido to ginnenoside O, 
activity transforming gjuscnusitk Rg, to protopanaxadiol. 
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processed 

£-Ghlcosidase Activities of Hnman Intestinal Bacteria 

We cultured more than 30 bacteria isolated from human feces 
and measured their jS-glucosidase activities to evaluate the 
gly co side-metabolizing activity of the bacteria isolated from 
human feces (Tabic 1). Using PNG as a substrate, most bac- 
teria produced potent /3-glucosidase activity. These bacteria 
were also capable of hydrolyzing 20(£)-ginseno$ide 
mainly giving 20(S)-ginscnoside R^. The most potently 
20(i>ginscnoside R^-hydrolyzing bacteria were Bacteroides 
HJ-15, Bifidobacterium K ill, Euhacterium A-44, and Fu- 
so bacterium K-60. These bacteria, except for Fusobacteri- 
um K-60, transformed 20($)-giosenoside R g3 to 2Q(S)-pta- 
topanaxdiol via 20(S)-guisenoside (Fig. 3). However, 
20( J R)-ginsenoside R^ was hydrolyzed very little by most in- 




testinal bacteria except for Bactemides HJ-15 and Fusokac- 
terium K-60. Nevertheless, these ginsenoside R^- transform- 
ing bacteria also hydrolyzed PNCj, a synthetic substrate of fi- 
glucosidase, but PNG-hydrolyzing activity was not propor- 
tional to ginsenoside -hydrolyzing activity. 

Biological Activities of Ginsenoside and Its Me- 
tabolites The inhibitory effect of ginsenoside R fl3 and its 
metabolites on the growth of HP was measured (Tabic 2). 
Ginsenosidcs R^,, R^, and R h2 did not inhibit HP growth. 
However, 20(5)- and 20(A)-protopanaxadiols inhibited HP 
growth at MICs of 50 — 100jig/ml. The inhibitory effects of 
these compounds on the activity of HP urease and H + /K + 
ATPase were also measured (Table 3). Most of the tested 
compounds did not inhibit these enzymes. However, 20(S> 
ginsenosides Rg 3 and R u weakly inhibited H + /K + ATPase of 
the rat stomach, with their IC 5() values of 0.6 and 0.48 mg/ml, 
respectively. 

We also investigated the in vitro cytotoxic activity of gin- 
senoside R fi3 and its metabolites on the tumor cell lines 
(Table 4). Ginsenoside R bI and 20(A)-ginsenoside R b3 did not 
exhibit cytotoxicity against the tumor cell lines. 20(5)-Gin- 
senoside R,^ only exhibited weak cytotoxicity. However, 
the metabolites of 20(S)-ginscnoside R^, 20(5)-ginsenoside 
Rju and 20(5)-protopanaxadiol, showed potent' cytotoxicity 
against tumor cell lines, with IC S0 values of 22 — 33 and 18 — 
33 /Zm, respectively. 

DISCUSSION 
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Fig. 2. Time Course of 20(5)- and 20(/?)-GmscnQsi<U: Transformation 
by Human FecaJ Microflora 

Human fecn| jtuypenifiori w» prepared and their metabolites Were rauayed tut de- 
acribed in Materia In and Method*, A, 20( Jh^naoKwido R^; B, 20(*>- 5 insenas|dc R 
♦ , 20{fy or 2ft(^)-ifil»cooaitlc R^; ■, 20(5)- or 20(/t)-&inseno«de R^l A. 20(3). or 
20(/f }-proto[)atitu adiu I . 



The main components of ginseng, which is frequently used 
in Asia, are ginsenoside R^, and R^. These ginsenosides arc 
likely transformed to 20-^-0-glucopyranosyl-20(>S3-pro- 
topanaxadiol (IH-9Q1) or 20(5)-protopanaxadiol via ginseno- 
side R d or gypenoside XVII by human intestinal bacte- 
rid 1,13.23, 

Han et aL reported that ginsenoside R bl and R b2 were 
transformed to ginsenoside R^ 3 when these compounds were 
incubated in mildly acidic conditions, 16) and suggested that 
this transformation of ginsenosides R bl and R^ to ginseno- 
side could occur in the stomach. In addition, ginsenoside 
R gi is a major component of Red Ginseng rather than of Gin- 
seng. 17 ' When ginsenoside was incubated with human 
fecal microflora, it was transformed to ginsenoside R^ and 
protopanaxadiol. When 20(S)-ginsenoside was incubated 



Table I . ^-Glucosidnee Activity of Representative Intestinal Bacteria Isolated from Human Fco« 



Transforming activity' (ninol/(h - rag)) 



PNG (iunol/(min • mg)) 



20(5)-Ginsenosidx 



20(£)-Ginscnoaide 



20(5)-^ 



20CS)-Ppd 



2Q(K)-Ppd 



Bacteroldes HJ15 


1.191 


1.455 


0.002 


0.06 


0.01 


Battlfimides JY6 


0.242 


0.06 


0.01 


<0.0l 


<0.0l 


Bifidobacterium K.-111 


0.620 


0.102 


0.010 


0 


0 


Escherichia coli HGU-3 


0.022 


0 


0 


0 


0 


Euhacterium A 44 


0.451 


0J71 


0.149 


<0.01 


<0.01 


Euhacterium L8 


0.104 


0.106 


<0,01 


0 


0 


Fusohactcrium K-60 


0.249 


0.759 


0 


0.02 


0 


Streptococcus Si 


0.100 


0.039 


0 


0 


0 


Streptococcus SlO 


0.129 


0.032 


<0.01 


<0.01 


<0.01 



a) Ttunsforming activity of giiiycnoyjju (o ginaenoatda was calculated from total Iranafurmcd gjonanoMida and protoponaxodjol. 
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Table 2, Anti-Ifelicohacter pylori Activity of 20(5)- and 20(£).Gm&cxio- 
sidc R^ and Their Metabolites 

MIC (^tf/ml) 



Compound 


HP 


HP 


HP 


HP 




ATCC435Q4 


NCTCU638 


82516 


A 


Gmscaiosidc R^, 


>100 


>100 


>100 


>100 


2Q(5)-Giiisenasidc R^, 


>100 


>100 


>100 


>100 


20(Jc:)-G in sen aside R^, 


>100 


>100 


>100 


>100 


20(S)-Gmsenosidc R^ 


>100 


>100 


>10fl 


>ioo 


20(i?>-Gmscnosidc 


>100 


>100 


>100 


>l00 


20(5>ProtnpajnaxfldJo 1 


so 


50 


50 


50 


20(£)-FroCcipaiiAXftdiol 


50 


50 


100 


100 



Table 3, Inhibitory Effects of Ginsenosidc and Its Metabolites on MP 
Urease and Rat Stomach H*/K 1 " ATPase 



Compound 




IC^mg/ml) 


HP Urease 


Stomach H"-/lO ATPasc 


Ginsenosidc R bl 


>l 


>1 


20(S)-Ginscnostde 


>l 


0.6 


20(^)-GtnSeftoBide R^ 


>l 


>1 


20(5)-Gin&eiioside R w 


>1 


0.48 


20(/*)-Cinsenoside R^ 


>1 


>1 


20(5}-Protopanaxadio1 


>l 


>1 


20(£)-ProtopanflXftdiol 


>1 


>1 


Acctohydxpxftrmc odd 


0.18 




Omepm20le 




0.21 



£ 03 
I 02 



TVablc A, Cytotoxicity of 20(5)- and 20(Jf)-Gmsenoside R^ and Their 
Metabolites against Tumor Cell Lines 



1Q 20 30 40 

Incubation Tfcn* {ft) 



50 



Fig, 3. Time Course of 20(5> and 20(A)-Gbscnosidc R^ Trantform alien 
by Human Intestinal Bacteri a Eubacterium A-44 and Fax ohactcrmm K-60 
The irtCcoliimi bacteria) suspension W Q» prepared arid their metabolite}) were assayed 
described in Materials and Metbixkf. A. 20(£)-Ginjienns)de ILg WtUf treated with Eu- 
bactcrium A-44 {| g); B, 20(/?)-ainMnojri<le iL, *w tiraicd witfi Eubaclerium A-44 (| 
g); C, 20(.S)-Gin»e»oKldc R^, wu treated with FusobaeteriUM K.-60 (250 mg); D, 20(/r)- 
GinscticwiJe wu treated with Fusobaaeriwn K*60 (250 mg), 20(Sh or 20(/f)- 
gmvenustde R 0] ; ■, !()($)- av 20(/T)-gjnannonda R,^; A, 20(Sh or 20(/?>firu(upiuu»a> 
dial. 



with intestinal bacterial strains previously isolated, it was 
mainly transformed to ginsenoside R hl . However, 20(5)-gin- 
senoside R B3 was potently metabolized to 20(S)-gin$enoside 
R^ and 20(5)rprotopanaxadiol T while 20(^e)-girjscnoside R^, 
was barely metabolized by the human fecal microflora and 
intestinal bacterial strains. Most of the isolated intestinal bac- 
teria hydrolyzcd PNG. However, some intestinal bacteria 
only could convert ginsenoside R^ to protapanaxadiol via 
ginsenosidc R^. This suggests that 20(.S>ginseno$ide R^ is 
not only a good substrate of /J-glucosidase of intestinal bac- 
teria, but is also highly s lublc in water compared with 
20(A)-ginsenoside R ft3 . 



Compound 




ic*. 


0/M) 




U2J0 


P388 


A549 


MciSO 


Gin aero side R fcJ 


>100 


>100 


>1.00 


>100 


20($)-Ginsenoside R |(J 


47 


58 


>100 


>100 


20(A)-Guitreno5ide R^ 


>10Q 


>100 


>100 


>100 


20(5>Ginsenosidc R^ 


22 


33 


31 


28 


20(A)-Gizi5enos>dc R w 


>100 


>100 


>100 


>*00 


2 0(5)*ProtopDnaxadio t 


IS 


33 


28 


28 


20(jRVProtoponaxadiol 


>100 


>100 


>too 


>100 



Based on these findings, we suggest the following meta- 
bolic pathway of ginsenosides R bl and R b2 (Chart 1). If gin- 
senosides R b| and R b2 are orally administered, they could be 
transformed to ginsenoside R^ in the stomach. This ginseno- 
sidc R g3 , which is in Red Ginseng as well as metabolized 
from ginsenosides R bi and R b2 in the stomach, should be me- 
tabolized to ginsenoside R h2 or 2 0(»S) -protopanaxadiol in the 
human intestine. However, if orally administered guiscno- 
sides R bl and R w are not transformed to ginsenoside R g? in 
the stomach, they should be metabolized to IH 901 or 20(5)- 
protopanaxadiol in the human intestine. 

To understand what the active compounds of ginsenosides 
and ginseng extract are when they are orally administered in 
humans, we measured s mc biological activities, anti-HP, 
H + /K + ATPase-inhibitory, and cytotoxic activity against 
tumor cell lines of ginsenoside R ff3 and its metabolites. We 
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found that the cytotoxicity of ginsenosidcs against tumor cell 
lines was increased when 20(5)-ginsenosidc was metabo- 
lized to 20(5)-ginsenoside or 20(5)-protbpanaxdiol by 
human intestinal microflora. Anti-HP activity was also in- 
creased when ginsenoside was metabolized to pro- 
topanaxadiol. Furthermore, ginsenoside R^ inhibited H + /K + 
ATPase more potently than ginsenoside R^. These results 
suggest that the natural glycosides ginsenosides R b , and R 0a 
are prodrugs, which can be transformed to active compounds 
by intestinal microflora. Finally, we believe that 20(5)-gin- 
senosidc R^ and 20(i$Vprotopanaxadiol transformed from 
ginseng saponins could play an important role in the antitu- 
mor activity, and that protopaaauidio] contained in ginseng 
extract could inhibit HP growth, while ginsenoside R^ can- 
not be transformed to protopanaxadiol in the stomach. 
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